LAGUNA-LBNO:

Design of a pan-European Infrastructure for

Large Apparatus studying Grand Unification,

Neutrino Astrophysics and Long Baseline
Neutrino Oscillations

Deep Underground Science Facilities for vV Physics & Proton decay
Prospects for a next generation V observatory on 100°000m? scale
Progress in Europe

7 B | '.,';;> ~\t“ ‘:_‘;T‘fgg:‘”‘;'., e A "'._z 3
Andre Rubbia (ETH Zurich)
on behalf of LAGUNA Consortium

http://www.laguna-science.eu/

LBNE Collaboration meeting, UCLA
Pt o January 201 |, Los Angeles, USA

Thursday, January 27, 2011


http://www.laguna-science.eu
http://www.laguna-science.eu

LAGUNA-LBNO

L= M N =l ] o

Switzerland Germany Spain Romania
Un!vers!ty Bern TU Munich e IEIN-HH
Un|ver§.|t.y Geneva University Hamburg UA Madrid Bucharest
ETHbZUC'I’!CI? . . Max-Planck-Gesellshaft CSIC/IFIC
ombandi Enaingering e Adihe ACCIONA Denmark
. University Tubingen Aahrus
Finland
Bn?vel’Sf?’ JHYV?S'kTI:d Poland United Kingdom Ital
Un!vers! Y Oe Ism<| Imperial College London ta y
niversity Oulu IF] PAN ) Gt AGT
Rockplan Oy Ltd IP| Oxford
xfor
University Silesia Liverpool R -
I
CERN Wroklaw UT Sheffield Sl
KGHM CUPRUM RAL INR
; PNPI
Warwick
I;E?nce Greece Technodyne Ltd Ja an
CNRS-IN2P3 Demokritos plas sl P
Ryhal Engineering KEK

Sofregaz

A-LBNO at LBNE Collaboration meeting

Thursday, January 27, 2011



Science of LAGUNA-LBNO

Physics “white paper” in preparation (Editor: S. Pascoli)

Particle Physics and Particle Astrophysics

Supernova Solar Reactor
neutrinos neutrinos decay neutrinos neutrinos neutrinos

Superbeams Betabeams Neutrino factory
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L \gVNA

Detector technology options

e Next generation deep underground neutrino observatory
» Three technology options considered (MEMPHYS, LENA, GLACIER)
with total active mass in the range 50’000-500°000 tons

° Water
- Cerenkov
NSy i)\ [MEMPHYS]
N, O A7/ANN . Liquid
scintillator
[LENA]
* Liquid Argon
TPC

GLACIER

100 kton liquid argon
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Outstanding astroparticle v physics
and proton decay search

Total mass

p — eTr%in 10 years

p — VKin |0 years

SN cool off

SN in Andromeda

SN burst @ 10 kpc
SN relic

Atmospheric neutrinos

Solar neutrinos

Geoneutrinos

A.Rubbia
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500 kton

|.2x103° years
€E=17%, = | BG event

0.15x 103> years
€ = 8.6%, = 30 BG events

194000 (mostly V_p— e*n)

40 events

~250 V-e elastic scattering

250(2500 when Gd-loaded)/year

56000 events/year

91250000/year

100 kton

0.5x103° years
€ = 45%,<| BG event

|.1x103° years
€ =97%,<| BG event

38500 (all flavors)
(64000 if NH-L mixing)

7
(12 if NH-L mixing)

380 v, CC (flavor sensitive)

50/year

~ 11000 events/year
~ 100 vt CClyear

324000 events/year

LAGUNA-LBNO at LBNE Collaboration meeting

Liquid Argon TPC Liquid Scintillator

50 kton

0.4x103° years
€ = 65%,<| BG event

15000 (all flavors)

4 events

~30 events

20-40/year

5600/year

~5400 "Be events/day

~ 1500 events/year

Complementarity between detector techniques




MEMPHYS option (Large Water Cerenkov)

Extrapolation from
SuperKamiokande

2 independent modules,
330’000 m? each

220’000 8-10” PMTs
~500 kton fiducial mass

Safety tunnel

(under construction) [SH Extonsian

(Option 2C)

=16 PMTs (8inch)
O gan adiustrernt
0 Sarte discrsrmndor
' Integrated Electronic:
0 dox adgted to 10 dm
0 ptting adgpited as el
12 bit ADC
12bit TDC
~internal clock <ns
B lready dicitized
acquired via ethernet

Memphys 2

Road tunnel v _ Access to W
(existing) / : : ¢\ Laguna site

07.12.2010
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LENA option

(Low Energy Neutrino Astronomy)

Very high purity liquid scintillator with high light
yield, optimized for lowest energy range

Liquid scintillator e — Desired energy resolution

50 kt LAB/PPO+ bisMSb " B — 30% optical coverage
Inner vessel (nylon) B ‘B — 3000m? effective photo-
Radius r=13m : sensitive area

e Light vield > 200 MeV
15kt LAB, Ar =2m Iight yield 2 pe/Me

Cylindrical steel tank, e.g. ] ]
55000 PMTs (8“) with The tracking option adds to

Winston Cones (2x area) e ] the requirements of the PMT
r = 15m, height = 100m, K array and electronics:
optical coverage: 30% | — more, but smaller,
Water cherenkov muon veto o | faster PMTs
5,000 PMTs, Ar > 2m to shield | 77 _, N — full waveform digitizing
fast neutrons '
Cavern egg-shaped for increased stability

Pyhasalmi LS purity as achieved

design : :
Rock overburden: 4000 mwe in Borexino

ollaboration meeting
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(EU-Japan effort)

GLACIER option
(Giant Liquid Ar Charge Imaging ExpeRiment)

e Single module non-evacuable cryo-tank based on industrial
—_— . LNG technology
pubide "") « Cylindrical shape with excellent surface / volume ratio
« Simple, scalable detector design, possibly up to 100 kton
e Single very long vertical drift with full active mass
 Averylarge area LAr LEM-TPC for long drift paths
« Possibly immersed visible light readout for Cerenkov imaging
 Possibly immersed (high Tc) superconducting solenoid to
up to h = obtain magnetized detector
Max drift length * Reasonable excavation requirements (<250°000 m3)

Double phase
liquid Argon TPC
with charge
amplification.

ollaboration meeting
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GLACIER R&D: steps

Single phase

LArTPC Double phase LAr-LEM TPC
' "',-\ - :'.-.J--.JI..-J,-..!::? ;

‘ i

: !

N i

bt i

: {

: |

"A i

I i

Full

direct engineering

proof of demonstrator
[ 2 long > for larger
drift detectors, with
path up a stand-alone
to5m short baseline
I | physics
Charged particles test beam, programme
calorimetry, non-evacuated
vessels, LAr purity
A. Rubbia LAGUNA-LBNO at LBNE Collaboration meeting oS 9
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Measurements with well defined charged

particle test beam at J-PARC slow extraction: | k| |BR area @ hadron hall
*To benchmark performance of detector
*Jo develop simulation/reconstruction

software

*Kaon id relevant for proton decay searches

NEW: ]-PARC P32 test beam

ETHZ-KEK-Iwate-Waseda

-

J PARC slow extractlon faC|I|t)' %I “‘; /

T32: Accumulated No. of Events 24-Oct — 1-Nov

K* 800 MeV/c with degrader — 540 MeV/c 7,000

K* 800 MeV/c with degrader — 630 MeV/c 40,000

K* 800 MeV/c with degrader — 680 MeV/c 35,000

tt 200 MeV/c 70,000

e’ 800 MeV/c 2,500

P 800 MeV/c 1,500

T . . f b I e’ 200 MeV/c 10,000

rlgger tagglng et lerslnline 7T " dominant 800 MeV/c ~ 3,000

instrumentation (TREK) total ~ 170,000

Fitch Cerenkov, TOF, gas Cerenkov

A. Rubbia LAGUNA-LBNO at LBNE Collaboration meeting el 10
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j - PARC P32 event gal Iery Tagged separated kaon beam

at KI|.IBR beam area @
hadron hall

File: PhysicsOct95_2 /i: 11 / Spill: 215 / Event: 4050

12C ¢ 0.8 GeV/c K/TT ratio = 1/4

» .
5400 10c * 2 few K/flat top(=2s) * beam profile (@degrader)
GED ™ View U: Event display (run 0, event 46] | * s(x)~8cm, s(y)~6cm
= 80 3 "
200 60 ;
40 °E :
0 20 £
0 00
-200 20 :
0 20 40 60 - : -
TPC Channel L
| VIEW U Evem aispiay (run v, event 3g) | l MO:EMﬁsplly(mnO.Mﬂ J
s g 3
£ !
§
e
channel number
A.Rubbia LAGUNA-LBNO at LBNE Collaboration meeting = |
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Typical questions addressed

assessment of strengths and weaknesses
rock mechanics of caverns

design of tanks in relation to sites
overburden vs. detector options
transport, access, delivery of liquids
safety e.g. tunnel vs. mine
environment e.g. rock removal
relative costs

Site visits and meeting
o sites work together on common areas

3 - .) A
A.Rubbia LAGUNA-LBNO at LBNE Collaboration meeting
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Seven pre-selected EU sites &

LAgVNA
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Site features -

Basic characteristics of the studied underground sites:

From existing road tunnels: Canfranc (1500-2700mwe),
Fréjus (4800mwe)

From existing deep mines: Boulby (3400-4000mwe),
Pyhasalmi (2500-4000mwe),
Sieroszowice (1400mwe)

- |Existing large salt-mine: Slanic (840mwe)
Greenfield site(off-axis CNGS): Umbria (1500-2300mwe)

A.Rubbia LAGUNA-LBNO at LBNE Collaboration meeting
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Seven technical reports

LA gvr{.\

Interim site-dependent geotechnical reports: delivered!
inal joint report on potential European sites: soon

LAGUNA

LARGE APPARATUS FOR GRAND UNIFICATION AND NEUTRIN ASTROPHYSICS

Feasibility study for Fréjus site

HUESCA, SPAIN)
REVISION 8" February 2010

LOMBARDI

ENGINEERING LIMITED

TURE FACILITIES OF THE LAGUNA PROJECT AT THE LSC (CANFRANC,
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Work Package 2 - deliverable 2.1
Interim report, 02.12.09

SIEROSZOWICE (SUNLAB)

LAGUNA Design Study

Underground Infrastructure and Engineering Interim Report
(EU, FP7: Work Package 2: Deliverable 2.5)

LA 51°30" N, LO 16°4' E

Our Ref.: 7535.0-R-2

Industrial partners:
KGHM Cuprum CBR, Wroctaw,

Witold Pytel, Zbigniew Sadecki, Stawomir Hanzel, Andrzej Markiewicz, Stawomir Cygan,
Piotr Mertuszka, Mirostaw Raczyriski

Sieroszowice Mine, ﬁ E

Scientific partner K& 1Gsmie PAN, Krakéw

Jarostaw wski, Wiestaw Bujakowski, Leszek Lankof , Zenon Pilecki, Kazimierz Slizowski,
Kazimierz Urbariczyk,Karolina Wojtuszewska

STMR [ ] IBERINSA

UNIVERSITATEA DIN PETROSANI
FACULTATEA DE MINE
CATEDRA DE INGINERIE MINIERA SI SECURITATE IN INDUSTRIE

STUDIUL DE STABILITATE S| MODELUL 3D
AL UNEI EXCAVATII DE MARI DIMENSIUNI
EXECUTATA IN ZACAMANTUL DE SARE
SLANIC PRAHOVA.

ACEST STUDIU ESTE SUPORT PENTRU
FP7 212343 DESIGN OF A PAN- EUROPEAN
INFRASTRUCTURE FOR LARGE
APPARATUS STUDYING GRAND
UNIFICATION AND NEUTRINO
ASTROPHYSICS - LAGUNA

PYHASALMI
LAGUNA Design Study
Feasibility Study for LAGUNA at PYHASALMI
Underground infrastructure and engineering
(EU, FP 7: Work Package 2: Deliverable 2.1)
63°39’31” N - 26°02’ 48" E

Grant Agreement: 212343

LAGUNA—Design of a pan-European
Infrastructure for Large Apparatus
studying Grand Unification and Neutrino
Astrophysics

FP7-INFRASTRUCTURES-2007-1

KALLIOSUUNNITTELU OY
ROCKPLAN LTD

Nuiften, M.Sc., project leader
f

12.11.2009

Geological Advi

more than 1200 pages
*Jarge amount of
information and details
*healthy competition
among sites
publicly available

LAGUNA Design Study

Underground infrastructures and engineering
for LAGUNA at Italian Site

(EU, FP7 : Work Package eliverable 2.1)
REGIONE UMBRIA Site (Valnerina)

Bstve:
jjﬁ:" Suis

e

Ostérreich

Vleice

Scientific Partners: ETH ZURICH — U-BERN

Technical Partners: AGT INGEGNERIA SRL (Perugia) - GEOINGEGNERIA SRL (Rome)

s: Prof. GIORGIO MINELLI - Dott. Geol. CLAUDIO BERNETTI

BOULBY
LAGUNA Design Study
Geo-technical, Underground Infrastructure and Engineering Interim Repo:
(EU, FP7: Work kage 2: Deliverable 2.1)
- in strict confidence -

The

University

Oof

Sheffield.
CPL and Unive of Sheffield

£ CLEVELAND
"W POTASH




Various depths

Requirement depends on detector technology

At surface intensity
=~ 3x10% u/m2ly

Muon flux vs overburden

GLACIER

Kamioka

|
S
o
e
ey
E=
(7p)
[
D
QL
=
[
()
-
=

____Canfr
Sieroszowic

. < Pvhasalmi.

Depth, meters water equivalent

A. Rubbia Workshop on Next generation Nucleon decay and Neutrino detectors (NNNO9
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(1) Tank concepts

Item

80 pages report by
Technodyne Ltd

MEMPHYS

Lena

Glacier

Type

Single
Containment

Single
Containment

Single or
Double
Containment

Inner
Membrane

Plastic

Nylon

Liquid Holding
Tank

Stainless Steel

Stainless Steel

Stainless Steel

Cavern Liner

Stainless Steel

Stainless Steel

9% Nickle
Steel
or Carbon
Steel

Thursday, January 27, 2011

EIRIT

LIQUID DELIVERY.
INSTRUMENTS FOR
PRESSURE,

£|  CABLES TO PHYSICS
*| INSTRUMENTATION

" GLACIER =

ROC
| INTANK PUMP, BOIL OFF GAS,
4 ‘
3| evEL
£| TEMPERATURE

3
g

INNER TANK TOP _Z
LEM / ANODE -

SHELLINSULATION ——

FIELD SHAPING ———=1
COILS

BOTTOM INSULATION ——]

TOP INSULATION

Lagvna

70400 QUTER TANK TYPIGAL

TANK TYPICAL

OUTER TANKROOF

i1

{ OUTER TANK

—— CONGRETE PILE CAP

> CONCRETE PILES

T

‘GAVERN DIAMETER 74000 TYPICAL

T L A T T T T T TS DT T T H"\f‘/ﬂ

GATHODE ( 1MV)

Preliminary tank cost estimates have been established as follows:

GLACIER tank (Low Seismic Site)
GLACIER tank (High Seismic Site)
LENA tank
MEMPHYS tanks (total for 3 off)

M€
M€
M€
M€

17
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(2) Main cavern engineering EM
Relationship between tank design -

and mai n cavern excavation Overburden >2000 mwe >4000 mwe >600 mwe

e Interaction between scientists, Technodyne
Ltd. with Rockplan, Cuprum, CPL, AGT, ... S5 cylinder of 30m @ x105 o
cylinder: 72,4m O x

Dimensions of | cylinder 65m @ x | M height inside a external 26,5m height

GLACIER@Sierozsowice .. §— 5500 cank ETe o lan edislorin i e [ 6 e
- oy N I i 34m O for water-buffer. 144,8m ©

MEMPHYS@Fréjus

’ : ‘ ' . / / / //
GLACIER@Umbria | / / / ~ .
N\ N L) f | — Concrete structural

] , i galleries

4 > Structural and
drainage galleries

W

\
N

2l !

S = | i .
U-BERN SCALE: Drawing Title: —
srL | Drawingnr: 028 ¢ so0n & ) ’ ‘ I
e S | SECTION OF MAIN
FicNars: 028,52700% e 1912000

TASK 4 - Feasibility study of a shaliow site in ltaly “GNE —yre= IN G EG NERIA
A.Rubbia LAGUNA-LBNO at LBNE Collaboration meeting

ENGINEERING LIMITED™
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Rock data gathered for all sites * o A A e e
Numerical modeling based on these ji B ou I b)’ Middle Halit
parameters: | oo o 58
e Convergence A —
Rock-bolting .
Mucking
Multi-strata rock issues
Cavern shapes

Pyhasalmi

Rock spalling vs depth

KALLIOSUUNNITTELL OY
1 ROCKPLAN LTD

L FLAC3D 2.70 Job Title: GLACIER 100kt - LARGE ANHYDRITE CAVERN
. T 7
y, Step 55465 Model Projection
G L AC I E R " 08:44:04 Tue Mar 10 2009

Center: Rotation:
N - 4 - : X: 3.080e+001 X: 0.000
Y: 1.013e+002 Y: 0.000
Z: 4.000e+000 Z: 0.000

300 m {:BSOmwe) 600 m {1?00mwe} 900 m {255DmWE) Dist: 152564003 Size: 651564001

Contour of SZZ

Magfac = 1.000e+000

Gradient Calculation
-5.3244e+001 to -5.0000e+001
-5.0000e+001 to -4.5000e+001
-4.5000e+001 to -4.0000e+001
-4.0000e+001 to -3.5000e+001
-3.5000e+001 to -3.0000e+001
-3.0000e+001 to -2.5000e+001
-2.5000e+001 to -2.0000e+001
-2.0000e+001 to -1.5000e+001
-1.5000e+001 to -1.0000e+001
-1.0000e+001 to -5.0000e+000
-5.0000e+000 to 0.0000e+000
0.0000e+000 to 2.2271e-001

Interval = 5.0e+000

/"

y + —
3 ' b KGHM CUPRUM sp. z 0.0. T——u
m .

CENTRUM BADAWCZO-ROZWOJOWE

HM POLSKA MIEDZ SA
Witold Pytel Kiady Gornicze POLKOWICE-SIEROSZ

1200 m (3400mwe) 1700 m (4800mwe)
A.Rubbia

i =)
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(4) Underground Layouts g8

Details of layout including MDC, auxilliary caverns, access, escape routes, etc...

2500-4000 m.w.e | 1200 mw.c

1
|
i

5 GALLERY TO "0”
CGA "—1" AND

PROPOSED LAY-OUT OF UNDERGROUND SERVICES AND AUXILIARY CAVERNS TYPEA(SITE: 1-3-4-5) C f
10T Umbria aniranc

AUXILIARYTANKS o o o —o—'@ . EMERGENCY PE wr 1500 m-W-e (G LACIER)
1500-2300 m.w.e 2700 m.w.e (MEMPHYS/

S N _;_\ / LENA)

~

i : : = ; k]
/. MAINTUNNEL B2 .

3

MAIN TUNNEL "8"
ANCILLARY TUNNEL "C"
1

Thursday, January 27, 2011
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Stege 1/~ Covern excavatien between “0° ond "~1" jewsla ~ sheping of woult

Prose * ~ mxscution of inltiol Breascut

Stoge I/1 = covern excovalicn belween “0° and "=1° levels = shopirg of voult
Prase 8« trassport connection with *-1" lave
/5
v ALY 1 By

Stoge 1/2 ~ cavem excovetlon Detwsen "-17 ond "2 levelo ~ shaping of side wals

Fhese 1 frat oy wrcavetlon sheping of remp

Stoge 1/2 ~ cavern excovelion between "=17 ang "<2° lewis ~ shopleg of side wols

Slage 18 ~ pext loyer sxoowalion

1 |
1 ! §f
V1 i {
i L :

covern sxcovolion beow T—27 leel ~ fcor shoping
Pnote ' = first loyer sucowation

v AVYEL BT
B G | S
L !
Vbl

i

Thursday, January 27, 2011

Stage I/1 ~ covern excavalkn bulwess "0 and "< 1% levela - shoping of voul Stoge 1/1 — covern sxcovatlin belween "0% ond "—1" levels — shaping of vaut
Prosm 5 — =ext cpsr mecavalipe ~ shopng of remp Fheae 5 ~ next iy excavatin — shoping of ramp

5 . | a4

Stage II/1 ~ covern excavatkn between "0° and "—1" jewnia ~ sheping of voult

e Al ey O 70 O | 11,
\ | | f A Tl B | |
{1 R 1 P, \ Vb Lyl Ll

Stege I1/1 — covern excovetlon between "0% ond -1 leves ~ anoping of weult
Fhose @ - bonspert cornection with *~1% level Phoas 10 ~ ramp liquicetion
| R B
I
{
L, Y

|

|
Ak
~

Stoge 1/2 = cowern sscavation betwesn “=17 end =27 levels = shopng of akie wollt Stoge 12 = Covern excovation between "0 and =17 leweia — shaping of side wola

Phase 1 next loyer excavotin — shoping of ramp Phose '7 — tronsport ceaneclion with *-Z° leve's
'
N v ), <4

| Lol By
BN, (A
i

Sloge 1/2 ~ covern excovetlon between “—1% ond "-2° levels ~ shaping of side wals  Stoge I1/2 ~ covern excovathn between "1 cnd “-27 levels ~ shopng of side wolls

Fhese 18 nurt loywr mcowellors Phase 19 remp louldatvn

(s U A I Y

5 L O O e B
\ 1 |
Vodadadadol o f

p - Stoge /3~ caver . . 2" - fic
Stoge I1/3 = cowern sxcovotion beow "=Z7 leve — fisor shopng Stage /3 — covern excavatkn beiow “-2° leve foor aheping

R Ph 3 " Feuidatic combletion of oo cavolic
Pnose 4 ~ next jaywr excovetion ~ shoping of reme waxe & < romp Tuidalien ~ completion of sown excawstioe

ollaboration meeting

Details of construction
sequence also studied at
various sites

e Rock disposal

o Geotechnical stability and
safety at each stage of excavation
e Requirements for rock removal
and rock bolting

o Egress routes and evacuation
safety

25762 51524 77285

NA@Pyhdsalmi
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(6) Additional infrastructure

Details of ancillary laboratories, storage caverns and egress
e Design of liquid transit, storage and emergency dump

e Ancillary caverns for construction phase

e Clean rooms, electronics and mechanical workshops

e Emergency safe havens, double egress routes

LAY-CUT OF UNDERGROUND SERVICES AND AUXILIARY CAVERNS

VIl SHAFT

Sieroszowice

* KGHM CUPRUM sp. z 0.0.
uUPRUM CENTRUM BADAWCZO-ROZWOJOWE
KGHM POLSKA MIEDZ SA
ddzial Zaklady Gornicze POLKOWICE-SIEROSZOWICE

A.Rubbia

Thursday, January 27, 2011

3. VENTILATION GALLERY (

MAIN TUNNEL "B" T

EMERGENCY PEDESTRIAN TUNNEL

EMERGENCY
GATE

m T
a u

, El '
Air and ectronics

water
rification

C

S RAMP TO "-2"

Bl
\ MAIN TUNNEL "B"

INGEGNERIA

/ Access Tunnel

Control
room,
offices,
storage,

Safety
TUnneI

Electronics -—=4

\GE AREA (~80 m
E SITE OF ADDITIONAL CAVERNS

(not take into consideration of costs esti

Electronics

-

2 caverr (~181 775 m® VOLUME)

4.1, ACCESS RAMP TO EMERGENCY TANKS (~1:
4.2. TURNING RAMP FROM EMERGENCY TANKS (
4.3, OVERFLOW CHANNEL ~O EMERGENCY TANK!
4.4, EMERGENCY TANKS CAVERNS (~171 000 n

Il LOMBARDI

ENGINEERING LIMITED

LAGUNA-LBNO at LBNE Collaboration meeting

Road Tunnel
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(7) Socio-Economic, Safety, Environment

A
\

Important aspect in the eyes of the EU and the funding agencies
eSocio-economic

* HAZCON (with Technodyne)

 safety, risk analysis

e environment...

|ANNEX 1: Socio-economic Impact of LAGUNA at Boulby, Tables 1 and 2

(1) Social, Economic and Political Organisations and Pco‘

This table collates information on organisations that will be i |A.\'.\' EX2: Current Safety and Manajiement Structures for the Palm(r and H
site. Priority areas are in yellow. labs at Boulby

The H& S set-up at the current Palmer Laborato 'y at Boulby has been established carefiilly with the
. Type of Social, Contact D« tails _Role and stakeho! ders including CPL, STFC, the Univers ities and users. As the only such arrang ement in

ILAGUN A DeSIgn Smdy E“’P‘“;f:',‘c :"‘d Importance Europe ' vhere active science is performed in a v rorking mine this can provide input tow ards the

olitica.

Health, Safety, Environment and Socio-Economic Overview Report Organisation wider n¢ eds of LAGUNA and is outlined here.
for LAGUNA at Boulby or Person

. . . Involved 1. !{itakeholders and Responsibilities at I'almer Underground Lab
(Deliverable 3.1) - in strict confidence Site owners | Cleveland Potash Lid., f
Boulby Mine, Lo tus
Saltburn-by-the S :a, erations
Cleveland, TS13 \UZ UK Support is essential.

H!4 Mines Inspectorate - power to close ! 1ine

se fac lity

Contact: D. Pybu

Tel: +44 (0) 1287 640140
E-mail:

enquiries@clevel ndpotas
h.co.uk

CONTENTS

ANNEX 6: Draft Socio-economic Impact Analysis Study for LAGUNA ¥ Crown Estates I
at BOU"))' s £ Burlington Pl

CONTENTS st ANNEX 5: Outline for Environmental I pact Analysis Study for

11 INTRODUCTION Bafety Risk Analysis for LAGUNA at Boulby - Tables 1-4

1.2 SOCIO-ECONOMIC IMPACT ASSESSMENT

. : CONTENT?
1.3 PHASES OF SOCIO-ECONOMIC IMPACT ASSESSMENT | information

1.4 DEFINING THE SCOPE OF SOCIO-ECONOMIC IMPACT ASSESSMENT hd (soon to be) mineral, mine located in Cleveland, North East England, on the
LS IDENTIFYING AND EVALUATING DEVELOPMENT IMPACTS n of W'hilby, N. Yorks. The mine is run by Cleveland P tash Ltd., a subsiduary
tinuous operation for over 35 years. Currently there are ~900 employees with a
he local area directly as a result of CPL. The mine currer tly extends for over 10
A) DEMOGRAPHIC IMPACT ly from the central two access shafts, including areas will under the sea. It is
B) IMPACT ON HOUSING MARKET sion to deeper levels to access new hard rock minerals. The current excavation
hew tunnels per year. The company has as strong track-re cord of supporting pure
ng available caverns for this in 1989 in connection wit) the UK's dark matter
D) IMPACT ON EMPLOYMENT AND INCOME the University of Sheffield with Rutherford Appleton Lalioratory where awarded
. R » new underground laboratory and surface building. Opened in 2003, this facility,
E) IMPACT ON PUBLIC SERVICES ) . " - P .
Public safety services 1000 m? of air coonditioned space, has housed a series of dark matter and other [CTION
Education PLIN I, II, III, DRIFT I, IIa, IIb, SKY (climate change) and low background
Health .pe . . . . .
Recreation pnificant underground science laboratory in Europe located in a mine site. Health
Local Transport » boratories, as with all the mine operations, is ultimately the responsibility of the
Local agencies ~ Planning and Development er the HSE and mines rules, in tandem with legulations and rules driven by RAL.
Local political profile and status s
lv record for the laboratory.

1.5.1 Estimating Quantitative Changes in the Socio-Economic Characteristics

TENTAL IMPACT

C) IMPACT ON RETAIL MARKET

IMENTAL IMPACT ASSESSMENT

1.5.2 Measuring Qualitative Changes in the Socio-Economic Characteristics
F) QUALITY OF LIFE | (for more information see the Socio-Economic tables):
by Mine, Loftus Saltburn-by-the Sea, Cleveland, TS13 4UZ UK

ollaboration meeting
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Preliminary LAGUNA findings

1. All the pre-selected sites appear technically and environmentally feasible, so
there are several options (unlike in Japan or now USA), though not all sites
are interested in all detector options.

2. It appears technically feasible to excavate the desired underground caverns
and infrastructures, to build the necessary tanks underground, and to fill
them with the desired liquids.

3. The liquid procurement with the needed quantities is feasible for all sites and
for all liquids (Water, LAr, LScint), although it might take several calendar
years to reach the full in-situ procurement.

4. The cost of the excavation, although non-negligible, is not the dominant cost
of the project. In order to proceed towards a technology choice, a better
understanding of the costs of the full detector design and construction
including their instrumentation for the three detector options is essential.

5. Studies indicate that some European options offer potential physics and/or
technical advantages that need to be specially and carefully confronted with
other options worldwide.

6. The physics goals play a dominant role in selecting the site !

A.Rubbia LAGUNA-LBNO at LBNE Collaboration meeting i
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Simplified illustration of site
selection based on physics goals

Is location Is depth
. . Comments
important? important ?
Neutrino
properties Suitable distance from the accelerator is
: Yes No .
Long Baseline crucial.
exp.
Neutrino
properties No Yes Suitable source at proper distance is crucial.
Oscillometry
Proton decay No Yes
High energy
LAGUNA neutrino No Yes
Physics astrophysics
(s[eL:1
Diffuse SN Low neutrino background is required (far away
neutrino Yes Yes from power reactors), large overburden is
background required
Supernova : :
B S S NoO Yes Large overburden is required to suppress
: cosmogenic backgrounds
neutrinos
Low neutrino background is required (far away
Geoneutrinos Yes Yes from power reactors).
High geoneutrino flux is desired.
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CERN

vV beams at CERN - future possibilities

f‘ghort timescale (~2015)
| O Conventional LBL v-beams from SPS (400 GeV)
Exploit the CNGS technology, sub-MW class facility, CNGS+

Intensity upgrade, new focusing scheme for low v-beam energies

O  Conventional SBL v-beam from PS (20 GeV) - PSNF
| Dedicated experiment on sterile neutrinos

Tes’r bed for de’rec’ror and ’rarge’rry R&D X- sec’rlon measuremen’rs "‘

] Medium timescale ("'2020)
'O Conventional LBL v-beams from SPS (400 GeV)

| CNGS+ beam to a new site (CN2?) !
0 Upgrade using LP-SPL as proton driver, new HPPS (30-50 GeV) |

~“MW class Facull’ry (CNZ?-I-IP)

'The BIG plcture uIt|mate faC|I|t|es ("‘2030)

~“ O Super beams, B-beams, Neutrino Factory ,
m HP—SPL and new accelera’rors MMW class Facnll’rles |

Ilias Efthymiopoulos - CERN NNNI10 - Toyama, December 15,2010
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LAGUNA LBNO optlons
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CERN v-beam to Pyhasalmi - CN2PY
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Very short/long baseline concept

CERN-Freéjus offers a very short baseline
not considered elsewhere in the world m»
unique physics opportunities in Europe

{Pr5bs'in Vacuum (Magenta) and Matter (blue)}

0.025¢ E, = 0.35GeV

0.02;

0.015;}

0.005¢

| 30 km

200 250 300 350

. 2
100 150

: L (km
Mezzetto 50 bz

Determine CPV by comparison of neutrinos/

antineutrinos in absence of competing matter

effects

Adequate baseline/energy for betabeam

A. Rubbia

LAGUNA-LBNO at LBNE Collaboration meeting
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=
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LAgvna

NS

CERN-Pyhasalmi offers a very long baseline not
considered elsewhere in the world "™ unique
physics opportunities in Europe

Graph

AR
> — . 2
' 0.18F 2 3 OO I 2300 km, sin®(20,,)=0.025
= F <M
016 Red:v NH, 0<6<180
0.14E Dark-Red:v NH, 180<5<360
F Blue: v IH, 0<6<180
0.12 Dark-Blue: v IH, 180<5<360
0.1F
0.08
0.06
0.04F
0.02—
[ \ N A 1 1 1 1 1 1 1 1 1 | 1
% 2 ) 6 8 10
Ev (GeV)

Determine CPV and mass hierarchy by
spectrum measurement and resolve
degeneracies and so-called “r-transit” effect

Adequate baseline for neutrino factory

L
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http://arxiv.org/abs/0908.3741v1
http://arxiv.org/abs/0908.3741v1

Outstanding LBL v physics goals (ll)

013 Sensitivity - CNXX NOvVA Horns - 50 GeV protons CP Discovery - CNXX NOVA Horns-50 GeV protons
AR, arXiv:1003.1921 -
// ,/ v run only - 100 kton
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LAGUNA - Schedule

Paper Design Study (EU funded): 2008-2011
Categorize the sites and down-select: Sept. 2010
Study detector design and beam options
(LAGUNA-LBNO submitted to EU): 2011-2014
Critical decision (and 013#07?) 2014 ?
Phase 1 excavation-construction: 2015-2020 ?
Phase 2 excavation-construction: >2020 ?

Timeline matched to new potential
CERN neutrino (super)beams in >2016




Conclusions

Growing worldwide interest and activities on next-generation underground large
neutrino and proton decay detectors, both new sites and detector technologies

In Europe LAGUNA has a well defined roadmap & timeline

- a large amount of technical expertise has been gathered to reach the conclusions
and a strong collaboration has developed since 2008

- no obvious geo-technical show-stoppers so far - but several challenges (e.g. cost of
deep underground construction, liquid procurement, financing...)

- prioritize sites in 2010, study perspectives for LBL, detector technology choice

Big range of CERN baselines are feasible (130 km - 2300 km)
- includes possibility of very short and very long baselines
- LAGUNA timeline matched to conventional beam from CERN

- LAGUNA detector to be eventually operated/upgraded in connection with advanced
exotic beams (>2025 ?) ?

LAGUNA mainly towards a European research infrastructure but strongly linked to
projects world-wide that consider same physics goals (future J-PARC and LBNE)
- this is the only winning strategy

Next LAGUNA General meeting: CERN, March 3-4, 201 |
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Event rates at Pyhasalmi vs Okinoshima

At L=2300 km the first maximum is above tau production threshold
yielding a copious number of (QEL) tau events

Neutrino horn polarity

Antineutrino horn polarity

Distance/OA

v, CC
(r.CC)

V), — Ve
(ﬂ,u — V)

vy, — Uy
(D,u — Ur)

v, CC
(v, CC)

v, CC
(r.CC)

V), — Ve
(D,u — Ue)

(D,LL — Ur)

J-PARC , 30 GeV protons , 1.66 MW

JPARC \griag

0.76 deg

17010
(619)

138
(12)

26
0.4)

1.5
(0.2)

1817
(4627)

32
€2,

1.3
(5.4)

0.5
(0.4)

CNXX NUMI-ME-like horns , 400 GeV SPS protons , 2.4 x10%" pot/year

Pyhasalmi
2300 km
0.25 deg

SPS

12393
(449)

73
(10)

26
(0.3)

738
(4808)

15
(25)

1.2
(4.1)

CNXX NUMI-ME-like horns , 50 Ge)V HPPS2 protons , 3x10%! pot/year

Pyhasalmi
2300 km
0.25 deg

HP-
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50 GeV LAr 100 kton
130 km
——— 630 km

100 kton LAr

950 km

5 % sys err. 050k

——— 1570 km
- 2300 km

A. Longhin

O
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.
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S
>

The GEANT4
simulation and
optimization tools
are being used to
study Super
Beams from a 50
GeV proton driver
(IMP-RS2™)

to LAGUNA sites
equipped with a
100 kton LAr
detector

>
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g
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50 GeV LAr 100 kton
130 km
——— 630 km
665 km
950 km
—— 1050 km
1570 km
- 2300 km

‘Option B

N

study ongoing
within the
LAGUNA-WP2
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o
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LAgvnA

Fluxes full optimization vs baseline

vffc rates at LAGUNA sites
3000

A. Longhin
130 Km
= 630 Km
665 Km
950 Km
1050 Km
— 1570 Km
2300 Km

vucc rates

at auyn Km
for 1 year running
on a 100 kton mass
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1500
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Vi
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I/ Tun I/ Tun
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Uy 41y
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[= UE
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130
630
665
950
1050
1570
2300

41316 (94)
36844 (2903)
38815 (2967)
37844 (1363)
51787 (761)
26785 (385)
17257 (203)

174 (2)
486 (95)
516 (96)
349 (48)
314 (23)
174 (10)
110 (7)

0.42
1.5
[.5
1.0

0.64

0.67

0.67

527 (5915)
7930 (13652)
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3504 (14700)
1964 (21728)
045 (11184)
471 (7577)

12 (15)
270 (157)
280 (158)
110 (107)
54 (88)
22 (47)
16 (32)

0.60
0.57
0.60

A. Longhin LAGUNA meeting Modane 6-9 Sept 2010
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Sensitivity comparison for all sites
Sensitivity limit on sin“20__

Sensitivity @ 3 ¢ (A xi L. =11.83)
™ 0.004l||||||.:-|||||||||||

613=O excluded > 3¢

0.0035 above curves

0.003
0.0025

0.002
0.0015

0.001
0.0005

0...|I|. I

L = 130 Km WCh 440 Kion 5% sys.
= 130 Km WCh 440 Kton 2% sys.
= 630 Km LAr 100 Kton 5% sys.
= 665 Km LAr 100 Kton 5% sys.
= 950 Km LAr 100 Kton 5% sys.
= 1050 Km LAr 100 Kton 5% sys.
= 1570 Km LAr 100 Kton 5% sys.

= 2300 Km LAr 100 Kton 5% sys.

]
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2 y neutrino + 8 y anti-neutrino running
normal hierarchy

A. Longhin
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A new giant neutrino
observatory in Europe ?

® Advances in low energy neutrino astronomy and direct investigation of Grand
Unification require the construction of very large volume underground
observatories.

® There is currently no such infrastructure in Europe able to host underground
iInstruments of this size, although five national underground laboratories with high
technical expertise are currently operated with leading-edge smaller-scale underground
experiments.

® A pan-European infrastructure able to host underground instruments with volumes at
the 100°000 ms3 scale will provide new and unique scientific opportunities in low energy
neutrino astronomy and Grand Unification physics.

® This field of research is at the forefront of particle and astro-particle physics and is the
subject of intense investigation also in North America and Asia. Such an infrastructure
iIn Europe would attract scientists from all over the world and ensure that Europe will
 [——— continue to play a leading and innovative role in the field.

trategy——

ASﬁEhA/  “recommend that a new large

AppEC European infrastructure is put forward =
as a future international multi-purpose |||| L AG U N A t
oadmap facility on the 100-1000 ktons scale for ro e c
J [ -,:. lve?diefm'm?m'réahz"mg this research programme in Europe

A-LBNO at LBNE Collaboration meeting
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16 deliverables (2008-2011) K&

Deliverable Estimated

Lead TR . PP .
Number 61 : : WP . indicative Dissemination Delivery date
Deliverable Title number 53 :ﬁ?ne;:;ary person-months Nature 62 level 63 64

First year report ETHZ Report Public

Final report on European
underground research
infrastructure and its
science

Report Public

Interim report for CUPP/ UOULU

Pyhiisalmi Report Public

Interim report for Fréjus CNRS Report Public

Interim report for Boulby USFD Report Public
Interim report for CNGS off-axis U-Bern Report Public

Interim report for SUNLAB IFJ PAN Report Public

Interim report for LSC LSC Report Public

Interim report for IFIN-HH IFIN-HH Report Public

Final joint report on potential
European sites

UOULU Report Public

Site specific safety

: USFD Report CO
overview report

Final report on safety USFD Report CO

Report on liquid procurement USFD Report RE

Report on socio-economic USFD Report RE
1mpact

Deep science paper for general IFJ PAN
audience

Report Public

Scientific paper for the physics
community

IFJ PAN Report Public

Total

green=delivered, yellow=almost ready
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(7) Excavation cost estimates f&

LAgVNA

Cost estimation for each detector option has been divided into several

sections
 Main Detector Cavern excavation and support.
» Access galleries, auxiliary caverns and ventilation facilities excavations and support.
e Installations: construction installations, underground installations and surface installations.
 Environmental measures.

e The proposed designs developed by each industrial partner for each site has been
critically reviewed by the other industrial partners during a series of dedicated
(and lively!) technical meetings.

e The designs were “corrected/amended” where necessary. Technical differences
between sites remain due to local boundary conditions (quality of rock, depth, etc.)

e The unit costs were taken using reference from civil construction in the same area.
Unit costs were debated at length. Differences among regions clearly exist.

¢ Finally the final cost estimates for each site and infrastructure excavation and
each detector option was defined (detailed figures in documents)

GLACIER O(xxM<€), LENA O(xxM€), MEMPHYS O(xxxM<€)
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LAGUNA site down-select

All seven pre-selected sites were considered for the
feasibility of the underground infrastructure and for
all three detector options

4

3x7 = 21 a priori cases

l down-=select

Outcome of deliberations to be included into next LAGUNA deliverables

 Deliverable 2.8 : Final joint report on potential European sites
e Deliverable 1.2 : Final report on European underground research infrastructure and its science

Thursday, January 27, 2011



Until June 2011

® To be finalized by June 201 |
® 2.8 Final joint report on potential European sites
® 3.2 Final report on safety

® 3.3 Reporton liquid procurement

® 34 Reporton socio-economic impact
® 4| Deep science paper for general audience
® 472 Scientific paper for the physics community

® |.2 Final report on European underground research
infrastructure and its science

LAGUNA General meeting
(CERN, March 3-4,201 I)
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